Older patients are at particular risk for adverse drug reactions. In older people, interventions targeting potentially inappropriate prescriptions (PIPs) are considered important measures to minimise drug-related harm, especially in the general practice setting where most prescriptions for older patients are issued.
INTRODUCTION
In older people, adverse drug reactions (ADRs) may be characterised as a modern epidemic commonly impairing peoples' quality of life, and contributing to about one in 10 hospital admissions. [1] [2] [3] [4] [5] ADRs cause premature deaths in older people, both in hospitals, 6 and in the community. 7 The economic burden of ADRs is considerable. In the US, annual hospitalisation costs for ADRs in 2001 were estimated to be $121.8 billion. 8 ADRs are commonly caused by inappropriate prescriptions, 9 in particular for drugs that are contraindicated or unnecessary. 10 A large share of ADRs in older people are preventable. [11] [12] [13] [14] Interventions targeting potentially inappropriate prescriptions (PIPs) therefore represent important measures to minimise drug-related harm in older people, 15 particularly in the general practice setting where the vast majority of prescriptions for older patients are issued. PIPs have been reported to make up between 5% and 34% of all prescriptions to older patients. [16] [17] [18] [19] Continuing medical education (CME) is essential for maintaining and improving quality in clinical practice, 20, 21 and may also include various outreach methods like academic detailing. Academic detailing implies a personal visit by a trained person to health professionals in their own setting. 22 Typically, it includes assessment of clinicians' practice against some recommended quality indicators aiming to improve their practice. Academic detailing may be individual visits or group visits of variable duration and may be one out of several components in a multifaceted educational intervention. Academic detailing is found to be superior to, for example, distribution of printed educational materials, 23 conferences, or local opinion leaders. 24 Studies of educational interventions addressing GPs' prescribing to older patients are frequently limited to some selected drugs or diagnoses. 25 This article from the Prescription Peer Academic Detailing (Rx-PAD) study reports the effects of a multifaceted educational intervention in general practice aiming to reduce the prevalence of a set of listed PIPs for older patients.
METHOD

Participants and setting
In Norway, GP specialists have to renew their specialty every 5 years. Recertification demands participation in a number of peer CME group meetings. Typically, a peer CME group comprises seven or eight GPs who set up their own educational programme for monthly evening meetings. Based on lists provided by the Norwegian Medical Association, peer CME groups in southeastern parts of Norway (n = 250), were invited by mail to participate in one of two educational interventions. They were informed that the intervention would be decided by randomisation and the two groups would serve as controls for each other. The GPs' participation would be awarded with CME credits corresponding to a 2-day course.
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Aim
To study the effects of a multifaceted educational intervention on GPs' PIPs for older patients.
Design and setting
This was a cluster randomised, educational intervention study in Norwegian general practice. Pre-study data were captured from 
Method
Eighty continuing medical education (CME) groups (465 GPs) were randomised to receive the educational intervention on GPs' PIPs for older patients (41 CME groups; 256 GPs) or another educational intervention (39 CME groups; 209 GPs); these two groups acted as controls for each other. GPs' prescription data from before and after the intervention were assessed against a list of 13 explicit PIP criteria for patients aged ≥70 years. In the CME groups, trained GPs carried out an educational programme, including an audit, focusing on the 13 criteria and their rationale.
Results
A total of 449 GPs (96.6%) completed the study; 250 in the intervention group and 199 in the control group. After adjusting for baseline differences and clustering effects, a reduction relative to baseline of 10.3% (95% confidence interval = 5.9 to 15.0) PIPs per 100 patients aged ≥70 years was obtained.
The randomisation was stratified by five geographical regions, in order to reconcile the number of available tutors needed for each arm of the study within each region. Within each stratum, the CME group number and the type of intervention was allocated separately and randomly by staff not engaged in the project. Based on this randomisation, the CME groups were allocated to either the study intervention group or the control group (Figure 1) . The study intervention consisted of an educational package on safer prescribing practice for older patients. 26 The control groups were assigned to another educational intervention targeting antibiotic prescribing practice for respiratory tract infections.
27
Criteria for inappropriate prescription to older people Inspired by the US Beers' criteria, 28, 29 and
How this fits in
Most studies from general practice reporting effects of educational interventions to improve physicians' prescribing quality are limited to a few drugs or therapeutic areas. Reviews have underlined a need for more optimal study designs when assessing the effects of educational interventions. recommendations by The Swedish National Board of Health and Welfare, 30 a set of 13 explicit PIP criteria, assumed to be relevant for the Norwegian general practice setting, were developed for this study. The criteria comprised 18 different drugs and six drugdrug combinations to be avoided whenever possible for patients aged ≥70 years (Box 1).
The educational study intervention
Thirteen GPs were recruited as tutors, denoted as peer academic detailers (PADs). The PADs were either GPs working part time at the Department of General Practice, University of Oslo, or GPs known by the authors from previous CME activities. Each tutor participated in two 2-day pre-study training sessions, focusing on: (1) safety issues in relation to pharmacological treatment in older people; (2) the rationale for the 13 listed PIPs; and (3) how to facilitate learning within a group setting. To avoid conflicts of interests, neither the researchers nor the PADs could have any economic relationships with pharmaceutical companies. With the exception of the statistician, all authors of this paper also served as PADs. Each tutor was responsible for visiting an average of three CME groups.
During a 6-month period (January to June 2006), the CME groups were visited twice by a PAD (Figure 1 ).
Data-extraction procedures and intervention logistics were piloted in one peer CME group before the intervention, resulting in only minor technical modifications.
Visits in the CME groups, feedback and audit In the first visit, the main teaching elements of the intervention were presented, including general issues related to drugs in older people. Informed consent was obtained from each GP to get access to their prescription data as recorded in the Norwegian Prescription Database (NorPD). 31 Based on baseline data from the period 1 January 2005 to 31 December 2005, individual prescription reports were made and sent to each GP shortly after the first academic detailing visit. The report included individual pre-study (baseline) prevalences of the 13 PIP criteria, as compared to average figures for all participating GPs. The reports also included some suggestions for alternative and safer therapeutic options.
A second academic detailing visit took place about 2 months after the first one and focused on the GPs' individual prescription patterns in relation to the recommendations given in the first visit and as disclosed in the feedback reports. The PADs facilitated the discussion within the CME group, where each GP exposed their own prescription patterns as presented in his or her report, and potentials for improvements were discussed within the group.
Regional workshop
Three months after the second academic detailing visit, all GPs were gathered at a regional full-day workshop, chaired by two of the authors. Here, rational pharmacological treatment for older patients aged ≥70 years was outlined in more depth, including the evidence for using the 13 explicit criteria as outcome measures in this study.
One year after the intervention, GPs' post-study prescription data were captured from NorPD for the period 1 July 2006 to 30 June 2007. New personal reports were generated and sent to the participating GPs. Here, improvements in individual GPs' prescription patterns were presented in comparison to overall averages.
Potentially inappropriate prescribing
PIPs were measured as the number of new instances of inappropriate prescribing for each of the 1-year observation periods according to the list of explicit criteria (Box 1). For each of the single drug criteria (criteria 1 to 7, Box 1), a prescription for that medication within 1 year was defined as one 'hit' for the patient. Repeat prescription during the observation period did not add up more hits. For the drugdrug combination criteria (criteria 8 to 12, Box 1), prescription of a listed drug-drug combination within the same month, or estimated concurrent use over a period of 1 month or more, was defined as one 'hit'. Duration of use was estimated based on prescribed amounts, in terms of defined daily doses (DDDs). 32 Concomitant uses of three or more psychotropic drugs (criterion 13, Box 1) was defined as one 'hit' when the prescribed amounts (DDDs) of the drugs indicated concurrent use over a period of 3 months or more.
Outcome measures
Primary outcome measures were changes in prescription patterns after the tailored educational intervention according to the listed criteria (Box 1), and as compared with corresponding figures for the control group.
Sample size and statistics
It was assumed that the average number of GPs per CME group was 7.5, the average number of listed patients aged ≥70 years per GP was 165, 33 and an intracluster correlation coefficient (ICC) was set to be 0.085, based on a previous Norwegian academic detailing study in general practice. 34 The sample size calculation was based on the objective to detect, with 80% power, a clinically significant change in the proportions of patients that were given potentially inappropriate prescriptions, from an assumed proportion of 25% (based on a pilot study involving 13 physicians) to 17%, at a 5% significance level. With an assumed ICC of treatment choices of 0.085, for clustering of patients within peer groups, and an assumed number of 165 patients aged ≥70 years per practice and 7.5 practices per peer group, the total design effect would be 106.1; thus the number of patients needed in each arm of the study after accounting for intracluster correlation was 43 077. Dividing this again among practices and then peer groups, it was calculated that 35 peer groups were required in each trial arm. Allowing for varying group sizes and some withdrawals, it was decided to recruit a total of about 80 peer groups.
RESULTS
A total of 81 CME groups responded positively and were randomised to either an intervention group (41 CME groups) or a control group (40 CME groups). For reasons of feasibility, two small CME groups in the control group were merged into one (Figure 1) .
Sixteen GPs (six in the intervention group and 10 in the control group) dropped out, owing to altered employment or leave of absence; 449 GPs (96.5%) completed the trial (250 in the intervention group and 199 in the control group). Characteristics of the participating GPs and their prescriptions to older patients (1 034 034 prescriptions for 81 810 patients before and 1 104 391 for 80 521 after the intervention) are listed in Table 1 .
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Effects of the intervention
Unadjusted pre-and post-study prescriptions to the more than 80 000 patients aged ≥70 years are presented in Table 2 . For all indicators except 'concomitant use of three or more psychotropic drugs', the reduction of PIPs was apparent in the intervention group.
Adjusted for changes in the control group, the share of all prescriptions that were considered to be potentially inappropriate went down by 13% relative to baseline (0.3% in absolute terms, meaning the difference between rates before and after the intervention). Prior to the intervention, 9278 out of 46 737 patients in the intervention group received one or more PIP. This was reduced to 7655 out of 45 310 (Table 3) . Adjusted for both baseline differences and intra-cluster effects, the prevalence of PIPs was reduced by 3.3% or 12.1% relative to baseline ( Table 4 ).
The largest reductions as compared with baseline were seen for drugs with strong anticholinergic properties: tricyclics, 'old' antihistamines and 'old' antipsychotics (18.9%), and for the combination of a non-steroidal antiinflammatory drug with warfarin (33.3%) ( Table 4) . 
Intracluster correlation coefficient
DISCUSSION Summary
The multifaceted educational intervention in peer CME groups in this study resulted in fewer PIPs for older patients. Even if moderate, these reductions in inappropriate prescribing may be clinically important at a population level. The 12.1% reduction in PIPs to older patients observed is considered to be clinically relevant. 35 In other words, about one in eight inappropriate prescriptions were avoided, which here corresponds to about 1600 patients who were no longer or less exposed to PIPs.
Strengths and limitations
This was a large study including approximately one-tenth of all Norwegian GPs. This, combined with an extraordinarily high completion rate (96.5%), a strong clinical relevance experienced by the participating GPs, 36 and the completeness of the prescription data, all strengthen the study results. The fact that an intervention effect was observed for almost all outcome measures contributes further to the validity of the results.
The average CME groups in the control arm included fewer GPs than those in the trial arm. This was mostly caused by some extraordinarily large CME groups randomised to the intervention. This happened by coincidence and did not influence the results. Thirty-two per cent of the invited peer CME groups agreed to participate. To reveal possible differences in prescribing practice between those who agreed to participate and those who did not, a comparison was made between the participating GPs and all other Norwegian GP specialists. No significant differences in their prescribing practice were revealed. 37 Therefore, the authors believe that the participating GPs were fairly representative of the Norwegian population of GPs in general. Using GPs as PADs possibly had a positive effect on both GPs' participation and their perceptions of the relevance of the intervention. Focus group interviews with GPs and PADs after the intervention revealed a positive attitude among GPs to receiving advice and guidance from fellow GPs. 36 The PADs did not consider themselves to be experts, but rather as 'members of the same family', and this, combined with their independence from both the pharmaceutical industry and health authorities, was probably important in obtaining GPs' trust and acceptance. The extra benefits gained by using GPs instead of non-physicians as academic detailing visitors have also been reported in a Dutch study. 38 GPs in the control group also improved their prescribing practice for older patients; this may partly be due to a Hawthorne effect in response to the fact that they knew they were being studied. 39 The design of this study and others with a similar design may thus underestimate the effects of the intervention.
The effect of the intervention is likely to be influenced by the choice of PIP criteria, not only because of the different prevalences of the various criteria, but maybe also as a result of different levels of agreement among the GPs, in relation to the criteria. For example, the proportion of GPs prescribing tricyclic antidepressants went down by 16.7% (0.4% in absolute terms), while no corresponding effect was seen on simultaneous prescription of three or more different psychotropic drugs. Less effect on the latter may also reflect an expanding market for newer psychopharmaceutical drugs, but also that for some drugs, or in some contexts, barriers to improved prescribing may be more difficult to identify and overcome.
The ICC accounts for the relatedness of clustered data by comparing the variance within clusters with the variance between clusters. 40 Based on another Norwegian cluster randomised educational intervention trial in general practice, 34 the sample size needed for this trial was calculated based on the ICC factor (0.085) of the earlier trial. However, that study was randomised at the level of GP practices and focused on antibiotic prescribing for urinary tract infections, which is a clinical procedure that is likely to be standardised at practice level. Therefore, it is not surprising that a lower ICC (0.045) was found in the present study, which also implied that the sample size was more than sufficient.
Comparison with existing literature
No other studies with a comparable design and based in general practice have been found that investigate the effects of a broad spectrum of PIP criteria, as seen in this study. A review from 2009 included 24 intervention studies on reducing inappropriate prescriptions to older patients. 25 Only four studies were educational interventions, two of which targeted limited therapeutic areas such as reduction of prescribing long-acting benzodiazepines to older people, 41 or of inappropriate prescribing of proton pump inhibtors. 42 Only one study examined the effect of interventions on overall prescribing quality, 43 but the study lacked a control group. Owing to its size (large numbers of participating GPs) and scope (addressing prescribing quality across multiple therapeutic areas), the present study represents an important contribution to the knowledge of educational interventions in general practice.
Implications for research and practice
In a three-round Delphi process among Norwegian specialists in clinical pharmacology, geriatrics and general practice, the PIP criteria used in this trial have subsequently been rated along with 23 other criteria to be 'clinically highly relevant'. 41 The output of that exercise was the Norwegian General Practice criteria for assessing PIPs to older patients. 44 An updated version of the Beers' criteria has been published recently, 45 illustrating the continuous need for updating the PIP criteria.
However, it is not known how the intervention effects found in this study will progress. A long-term follow-up is therefore planned. Furthermore, the effects reported here are averages for a large sample of GPs, some of whom may have changed their own prescribing for older patients substantially, while others may not have done so. Therefore, it will be relevant to identify factors predicting different effect sizes. This will be explored in more detail in a forthcoming paper. Studies including clinical patient outcomes related to interventions towards PIPs are also required, as well as health-economic analyses assessing cost-benefit issues related to this kind of intervention.
